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POWER DISTRIBUTION NETWORK OF AN INTEGRATED CIRCUIT 



The present invention relates to an integrated circuit, and in particular, to an 
integrated circuit having a power distribution network for reducing on chip voltage variation 
between various locations on the integrated circuit. 



5 

An integrated circuit comprises a power distribution network for delivering 
power to the various circuit elements provided on the chip. A power distribution network 
comprises a power bus and a ground bus, the power bus supplying power to the circuit 
elements, and the ground bus sinking power therefrom. 

10 The design of an integrated circuit usually assumes an ideal power supply that 

can instantly deliver any amount of current to maintain a specified voltage throughout the 
chip. In reality, however, integrated circuits suffer from the disadvantage that different 
locations on the integrated circuit have different voltage levels. The variation in voltage 
levels on an integrated circuit results from current flowing through resistive elements, 

15 commonly referred to as "IR drops". The voltage at any given location on the integrated > 
circuit suffers from an IR drop in both the power bus and the ground bus of the power 
distribution network, and the amount of voltage drop depends on the effective resistance from 
the power and ground pads to a respective location on the integrated circuit 

With the ever increasing desire to maximize the density of integrated circuit 

20 design, it follows that narrower metal line widths lead to an increase in resistance, and 
therefore an increase in the amount of voltage drop in the integrated circuit. 

Figure 1 shows a typical power distribution network for an integrated circuit, 
in which a power supply 1 is connected to a power pad 3 and a ground pad 5 . The power 
distribution network comprises a power bus 7 and a ground bus 9 for supplying power 

25 (Vpower) to the circuit elements of the integrated circuit The resistance of each section of the 
power bus is represented as resistive elements 11, 12, 13, 14, having resistance values Rl 1, 
R12, R13 and R14, respectively. Likewise, the resistance of each section of the ground bus 9 
is represented as resistive elements 21, 22, 23, 24, having resistance values R21, R22, R23 



WO 2004/109799 



PCT7IB2004/050814 



2 

and R24, respectively. The power bus 7 and ground bus 9 are shown as supplying power to 
circuit elements in the form of logic gates 3 1, 32, 33, 34. 

It can be seen that the effective resistance between each logic gate 31, 32, 33, 
34 and the power and ground pads 3, 5 is different. For example, power is supplied to the 
5 logic gate 31 by a section of the power bus 7 having a resistance Rl 1, and a section of the 
ground bus 9 having a resistance R21. In contrast, power is supplied to the logic gate 33 by a 
section of the power bus having a resistance corresponding to Rl 1 + R12 + R13, and a 
section of the ground bus having a resistance corresponding to R21 + R22 + R23. 

This difference in resistance results in different voltages Vlp to V4p being 
10 provided at the power pin of the logic gates 31, 32, 33, 34, respectively. For example, the 
voltage V2p at logic gate 32 does not have an ideal supply voltage VDD at its power pin, 
since this voltage is decreased by the cumulative effect of resistances Rll and R12 along the 
power bus 7. 

Similarly, the IR drop on the ground bus 9 effectively increases the ground 
15 voltages VI g to V4g at logic gates 31, 32, 33, 34, respectively. The net result is that each 
logic gate 31, 32, 33, 34 will have a different individual voltage supply. For example, the 
voltage supply across logic gate 32 will be less than the voltage supply across logic gate 31. 
Similarly, the voltages across logic gates 33 and 34 are decreased further due to the fact that 
they are situated further away from the power and ground pads 3, 5, thereby having greater 
20 IR drops. 

The variation in voltage supply can change the delay characteristics of certain 
basic structures in the integrated circuit, which can lead to one logic gate having a different 
delay to another. This variation in delays can lead to on chip timing problems. 

US 4,748,494 shows a known method of reducing voltage variation on an 
25 integrated circuit. The solution proposed in US 4,748,494 has the disadvantage of requiring a 
plurality of separate power busses, and dividing circuit elements into groups of circuit 
elements, each group having a dedicated bias circuits. 

The aim of the present invention is to provide an integrated circuit having a 
power distribution network which reduces on chip voltage variation between various 
30 locations on the integrated circuit, without having the disadvantages mentioned above. 



According to the present invention, there is provided an integrated circuit 
having a power distribution network, the power distribution network comprising a power bus 
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and a ground bus for supplying power from respective power and ground pads to a plurality 
of circuit elements on the integrated circuit, characterized in that the power distribution 
network comprises a plurality of decoupling cells for providing a static current flow between 
the power pad and the ground pad, and wherein the power distribution network is configured 
5 such that, for any given circuit element on the integrated circuit, the combined distance 

between the power pad and said circuit element, and between the ground pad and said circuit 
element, is constant. 



10 For a better understanding of the present invention, and to show more clearly 

how it may be carried into effect, reference will now be made, by way of example, to the 
accompanying drawings, in which: 

Figure 1 shows a typical power distribution network for an integrated circuit; 
Figure 2 shows part of the power distribution network of Figure 1 ; and 
15 Figure 3 shows a power distribution network according to a preferred 

embodiment of the present invention. 



Figure 2 shows one branch of a typical power distribution network as 
20 previously discussed in Figure 1. The voltage drop for one branch of the power distribution 
network is analyzed in view of the other branches being decoupled from the rest of the power 
distribution network. The following equations are valid for this analysis: 



Irii =Ax+Ay 
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where V G i is the voltage across logic gate 31, Y pomr is the supply power 1, AV is the voltage 
drop, Rl 1/R12 the resistances of the power bus and ground bus, respectively, and Ax and Ay 
the lengths of the power and ground lines. 

It can be seen from the above that, for each point on the chip, the voltage drop 
5 is dependent on the length of the wires from the power pad 3 (i.e. the VDD pad) to the 
ground pad 5 (i.e. the VSS pad). 

Therefore, for a conventional power distribution network as shown in Figure 
1, the voltage drop will be different for different locations on the integrated circuit, resulting 
in a different voltage being made available at each logic gate 31, 32, 33, 34. 

10 Figure 3 shows an integrated circuit 5 1 having a power distribution network 

according to the present invention. The power distribution network comprises a power pad 53 
and a ground pad 55, which receive power from a power source (not shown). The power pad 
53 and the ground pad 55 are arranged at diagonally opposite corners of the integrated circuit 
51. The power distribution network comprises a power bus (67, 69) and a ground bus (71, 

15 73), which supply power to circuit elements such as standard cells 61a, 61b or standard sub- 
blocks 63 on the integrated circuit 5 1 . A plurality of decoupling cells 65 are provided on the 
power distribution network for supplying the current required by the circuit elements, thereby 
maintaining a static current flow between the power pad 53 and the ground pad 55. 

The power bus comprises a vertical section 67 connected to the power pad 53. 

20 The vertical section 67 comprises one or more horizontal sections 69 for supplying power to * 
the various circuit elements. In a similar manner, the ground bus comprises a vertical section 
71 connected to the ground pad 55, having one or more horizontal sections 73 for sinking " 
power from the various circuit elements. The horizontal sections 69 of the power bus are 
interleaved with the horizontal sections 73 of the ground bus to form rows 75. The circuit 

25 elements are arranged within the rows 75 such that the power bus is connected to one side of 
a circuit element and the ground bus at the other. 

The power distribution network is configured such that the voltage drop 
between the power supply and each circuit element is constant, thereby resulting in all circuit 
elements being influenced by the same voltage. 

30 This is achieved by the manner in which the combined length of the power bus 

and the ground bus is made the same for all gates on the integrated circuit. In other words, as 
the distance from the power pad 53 increases, the distance from the ground pad 55 decreases 
by a complementary amount Thus, for any point X, Y on the integrated circuit, the total 
length of power bus (67, 69) and ground bus (71, 73) is constant. 
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Since the power bus and the ground bus comprise horizontal and vertical 
sections, the present invention transforms the problem to the equation shown below. To 
achieve the same voltage drop, AV, over the entire integrated circuit, all the individual 
sections of distances from the power pad 53 and ground pad 55 to a possible coordinate, XY, 
5 within a rectangle XY should be, in total, constant 

Thus, 

( x vd* - *gi ) + 0>v*f - y<n ) + (*vss - *oi ) + 0^ "^oi)= const .given rectangle XY 

10 According to the invention, the power and ground points are placed at 

diagonally opposite corners of a rectangle XY. The power distribution to the various cells is 
arranged in an interleaving fork structure such that the power and ground per row is fixed. 
This results in the X or Y part being fixed. This also means that, when looking at the floor 
plan of the integrated circuit, the power is connected at one side and the ground connected at 

15 the other side. These connections are then expanded to opposite corners of the rectangle XY. 

The invention provides a power distribution network in which all the circuit 
elements or gates have the same total distance from the cell to the supply pads. Since each 
cell has the same total distance from the cell to the supply pads, it follows that each cell has a 

* o 

constant voltage drop, which results in less variation in the on chip voltage. 

20 Preferably, the decoupling cells 65 of the power distribution network are 

decoupling capacitors which provide most, if not all, of the dynamic current drawn by the 
circuit elements. The use of decoupling cells 65 enables a static current to be provided 
between the power pad 53 and ground pad 55. The decoupling cells are preferably the same 
height as the other standard cells on the integrated circuit, thus enabling the decoupling cells 

25 65 to be placed automatically between the circuit elements. It is noted that certain circuit 
elements, for example flip flop gates, already have capacitance within the standard cell, and 
do not therefore require an additional decoupling cell 65. The area cost of the decoupling 
cells is not high because placement area is not usually as critical as routing area. 

The use of the decoupling capacitors 65, together with the power distribution 

30 structure described above, provides an integrated circuit in which on chip voltage variation is 
reduced. 

Although Figure 3 shows the application of the power distribution network to 
a given rectangular section of integrated circuit, it is noted that the fork structure can also be 
used on a hierarchical basis. In other words, a smaller fork structure can be used at a 



WO 2004/109799 



PCT/IB2004/050814 



particular location, such that power is distributed within that particular location using a 
similar power distribution network. This results in a power distribution system having less on 
chip voltage variation over the entire integrated circuit. 

It is noted that, although the preferred embodiment is described using an 
5 interleaved fork structure comprising horizontal and vertical sections, it will be readily 
apparent to a person skilled in the art that other structures can be used which provide the 
desired effect, for example a power distribution system arranged as an oblique parallelogram 
or rhombic type structure, such that each coordinate on the integrated circuit has the same 
total distance to the power and ground supply pins. Also, it is noted that the power 

10 distribution network can be varied in other ways, provided that the required symmetry is 

maintained. Furthermore, although the power distribution network shows the power bus and 
ground bus having constant widths, these can be varied provided that symmetry is 
maintained. For example, the vertical section 67 could be wider than the horizontal sections 
69 in the power bus, provided that the ground bus has a similar vertical section 71, which is 

15 wider than the horizontal sections 73. 

Other modifications within the scope of the appended claims will be apparent 
to those skilled in the art 



